The clinical features of a Japanese family with autosomal dominant adult-onset amyotrophic lateral sclerosis (ALS) 
Introduction

Amyotrophic lateral sclerosis (ALS) is a progressive and fatal neurodegenerative disorder that is characterized pathologically by the degeneration of motor neurons in the brain and spinal cord, and clinically by progressive weakness and death within a few years of onset. Recently, TAR DNA-binding protein 43 (TDP-43) was identified as the major pathological protein in the motor neuron inclusions found in sporadic ALS and superoxide dismutase 1 (SOD1)-negative familial ALS, as well as in frontotemporal lobar degeneration with ubiquitin-immunoreactive, tau-negative inclusions (FTLD-U). Although the role of TDP-43 in the pathogenesis of these neurodegenerative disorders remains to be elucidated, several mutations of TDP-43 have been identified in individuals with sporadic and familial ALS, sug-
gesting that TDP-43 may be a causative protein for these disorders (1) (2) (3) (4) (5) (6) . Here we first report the detailed clinical features of affected members of a Japanese family who suffered from ALS linked to TDP-43 M337V mutation. F i g u r e 1 . 1 -1 . P e d i g r e e o f t h e p r e s e n t f a mi l y . Ci r c l e s r e p r e s e n t wo me n a n d s q u a r e s r e p r e s e n t me n . The aunt of the proband (II-5 in Fig. 1-1 (7) .
T h e s l a s h e d s y mb o l s i n d i c a t e d e c e a s e d s u b j e c t s . Kn o wn a f f e c t e d p e r s o n s a r e s h o wn a s f i l l e d s y mb o l s . T h e a r r o w r e p r e s e n t s t h e p r o b a n d . Ag e a t d e a t h o r c u r r e n t a g e a n d a g e a t d i s e a s e o n s e t i n p a r e n t h e s i s a r e i n d i c a t e d . ND= n o t d e t e r mi n e d . 1 -2 . Ch r o ma t o g r a m o f P a t i e n t I I I -2 ( t h e p r o b a n d ) . Ch r o ma t o g r a m s h o ws t h e h e t e r o z y g o u s s e q u e n c e t r a c e o f A t o G f o r g e n o t y p i n g b y t h e r e v e r s e p r i me r . T h e n u c l e o t i d e p o s i t i o n o f s u b s t i t u t i o n i s i n d i c a t e d b y a r r o w. 1 -3 . I mmu n o c y t oc h e mi c a l f i n d i n g s i n P a t i e n t I I -5 . T DP -4 3 p o s i t i v e c y t o p l a s mi c i n c l u s i o n s i n t h e a n t e r i o r h o r n o f t h e s p i n a l c o r d ( A, B ) a n d i n t h e h y p o g l o s s a l n u c l e u s ( C) . Gl i a l c y t o p l a s mi c i n c l u s i o n s i n t h e p r e c e n t r a l g y r u s ( D, E ) . ( A, C) P h o s p h o r y l a t i o n -i n d e p e n d e n t a n t i -T DP -4 3 a n t i b o d y ; ( B , D, E ) p h o s p h o r y l a t i o nd e p e n d e n t a n t i -T DP -4 3 a n t i b o d y ( p S 4 0 9 / 4 1 0 ) . T h e s e c t i o n s we r e c o u n t e r s t a i n e d wi t h h e ma t o x y l i n t o r e v e a l n u c l e i . B a r i n A=
The younger brother of the proband (III-4 in Fig. 1-1 Fig. 1-2) . None of the control 1,621 healthy subjects providing informed consent had this missense mutation. (Fig. 1-3A, B) and the hypoglossal nucleus (Fig. 1-3C) , as well as glial cytoplasmic inclusions in the precentral gyrus ( Fig. 1-3D, E) .
Six family members (patients I-1, II-1, II-4, II-5, III-2 and III-4) were suspected to have ALS, among whom three (II-5, III-2 and III4) had definite ALS according to the El-Escorial criteria. All six patients (2 men and 4 women) with familial ALS in this family showed dysarthria at the onset, so their clinical courses were indistinguishable from bulbar-onset ALS. There was no history of dementia and no atypical features in the kindred. Based on the information of the patients with good clinical records (patients II-4, II-5, III-2 and III-4), the mean age of symptom onset was 52.5 years (range 44-61 years) and the mean disease duration was 9.5 years (range 9-10 years) from symptom onset to death based on the outcome in patients II-4 and II-5. After approval by the Ethics Committees of all participating institutions, sequencing of the coding regions of the TDP-43 gene in the patients (III-2 and III-4) was performed, which showed a heterozygous A-to-G transition at cDNA position 1009 (c.1009A>G) resulting in a methione-to-valine substitution at position 337 (M337V) in a highly conserved region of exon 6 (
Immunohistochemistry analysis of the brain of patient II-5 using both a phosphorylation-independent anti-TDP-43 antibody (10782-2-AP) and a phosphorylation-dependent anti-TDP-43 antibody (pS409/410) (8) showed neuronal cytoplasmic inclusions in the anterior horn of the spinal cord
Discussion
In the present study, we detected the M337V substitution in TDP-43 in a Japanese family with ALS, including one case confirmed at autopsy (patient II-5). We consider that this M337V substitution was associated with the disease, since M337V was present in two affected individuals from one generation and never in the control subjects, in addition to the fact that M337V substitution of TDP-43 has already been reported to segregate with ALS within two probably unrelated kindreds (2, 6) 
